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Infiltration, Furrow irrigation, ~ Introduction
Volume balance, Sugarcane. Numerous studies have shown that climate change affects on water resources around
the world. Iran has an arid and semi-arid climate, and with about a third of the world’s
rainfall and three times the world’s evaporation, it has more limited water resources
than other countries (Abbasi, 2012). Since most water consumption in Iran is in ag-
riculture, saving waterin this field is important. To achieve this goal, it is necessary
to plan and design irrigation systems precisely. This detailed planning depends on
important parameters such as accurate estimation of water infiltration into the soil
(Javadi et al., 2017). Since the spatial changes of infiltration between two different
regions depend on the soil texture, but it is mostly overshadowed by the time changes
Received: of infiltration in the agricultural season; therefore, the temporal changes of infiltration

Feb/14/2023 during the cropping season should be considered in irrigation design and management.
In the present research, an attempt has been made to investigate the seasonal changes

in water infiltration coefficients in the soil in furrow irrigation of sugarcane fields.
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Mar/17/2023
Materials and methods
This research was conducted on the land of the research and training institute for sug-
Accepted: arcane development, located 45 km from the old Ahvaz-Khorramshahr road.
Mar/28/2023 Data collection was done for four irrigation events. The experiment included 6 furrows

with a length of 187 m and a width of 1.83 m and there was no difference between the

furrows. WSC flumes type 2 and 1 were used to control the inflow and outflow at the
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beginning and at a distance of 100 meters from the furrows. Wooden spikes were installed along the
length of the furrow every 10 meters in order to measure advance and recession times.

The frequency of irrigation was determined according to the characteristics of the plant and also
the water holding capacity of the soil. The slope of the furrows was determined 0.04%. Using the
measured data, the cross-section of the furrows was determined using Excel software. Due to the he-
ling-up operation, the structure of the furrows was healthy and had a relatively smooth surface, and
therefore, referring to the recommended values, n=0.04 was selected and considered in Manning’s
equation. Irrigation time was considered to be equal to the total time of water advance and time of
infiltration at the end of the furrow in each round of irrigation. After obtaining the values of infiltra-
tion parameters, the infiltration opportunity was obtained at the end of the furrow.

The final soil infiltration rate parameter f; was measured by the input-output method:

f;=(Qin -Qout)/L

Qin is the inflow and Qout is the outflow in m*/min and L is the length of the furrow in m. In each
of the irrigation cycles, f; was measured and the results of all four irrigation cycles were analyzed
separately.

In this research, the Kostiakov-Lewis infiltration equation was used. This equation is displayed as
follows:

Z=kt*+f t

Where Z is the cumulative infiltration (m*/m), t is the infiltration opportunity (min), k is the experi-
mental coefficient (m*/m/min), a is the experimental coefficient (-) and f is the final infiltration rate
(m*/m/min) .

The coefficients a and k in each irrigation round were calculated using field measured data, including
advance time, inflow and outflow and finally, the cumulative infiltration rate was estimated by the
volume balance method for all four irrigation rounds in six repetitions.

The collected data was stored in Excel software .For further investigation, the statistical indicators

of range, mean, standard deviation (c) and coefficient of variation (CV) were used:

o= Y(x; —u)? CV:E
A N u

In these equations, ¢ is the standard deviation, xi is the value of the parameter, u is the average of
the data, and N is the number of data.
In the end, the Duncan test of SPSS software was used to check the significant trend of time changes

of k and a parameters during the cropping season.

Results

The results of investigating the trend of changes in infiltration parameters are presented in Table 1.
The coefficient of variation of parameter a was observed in the range of (0.09-0.59), the maximum
value was related to the first irrigation after the helling up operation, and the minimum value was for
the third irrigation. The index of the coefficient of variation in parameter k is in the range of (0.25-
0.90), the highest value is in the second irrigation and the lowest is related to the fourth irrigation,
which is consistent with the results of Cai et al. (2016) and in the same way in the rest of the statisti-
cal indicators, the highest standard deviation is related to the second irrigation at the rate of 0.000439
and the lowest is related to the fourth irrigation at the rate of 0.000357.
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The results of analysis of variance (Table 2) showed that there was a significant difference in the pa-
rameter k due to its greater sensitivity to agricultural operations in the first irrigation compared with
the second and third irrigation. The parameter a also has significant changes due to field measure-
ments. N filtration coefficients (k and a) changed significantly in the first irrigation when compared

to other irrigations (Table 3).

Table 1. Calculated statistical indices for infiltration parameters

Coefficient of variation ~ Standard deviation Mean Range Parameter =~ Experiment
()% o
35 0.001442 0.0024 0.00382 K 1
59 0.15380 0.043437 0.41325 a
90 0.00439 0.00046 0.00132 K 2
21 0.03900 0.18359 0.09300 a
86 0.00086 0.00930 0.00190 K 3
9 0.00736 0.07907 0.09400 a
25 0.00035 0.00139 0.09400 K 4
14 0.03547 0.24000 0.00085 a

Table 2. Analysis variance of time changes of the calculated parameters

Sum squares df Mean squares F Sig.
1.25%10° 3 4.7 5.376 0.007"
a 0.401 3 0.134 20.163 0.00™*
fi 4.105%10° 3 1.368x10° 2.173 0.123™
Table 3. Mean comparison results
Irrigation 1 2 3 4
number
k 0.00240939° 20.00045917 *0.00092888 ®0.00139155
a 0.4343° 0.183585" 0.079065° 0.247683°
fo 0.000075275 0.000069977 0.000103374° 0.000075594
Discussion

The results showed that the changes in the coefficients of the Kostiakov-Lewis equation were differ-
ent in different irrigations and these changes did not follow a specific trend. In addition, the changes
in k were greater than those of the other coefficients of the infiltration equation (f,and a) in all four

irrigations.
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Table3. Statistical indices calculated for infiltration parameters in different iterations

A ; 5 las Lol o Lo 5,8 0,las
Number of irrigations ~ Furrow number
0.0018747 0.0025596 0.0017940  0.0015851 Q (m3/s)
0.256114 0.067026 0.151980 0.133399 a 1
0.001804 0.000447 0.000226 0.000587 k(m*/m/min?)
0.009376 0.0015838 0.0010560  0.0015430 Q (m3/s)
0.262536 0.826116 0.180779 0.526675 a 2
0.000951 0.000892 0.000116 0.002063 k(m*/m/min®)
0.0019066 0.0018570 0.0017733  0.0017550 Q (m3/s)
0.229685 0.760620 0.223634 0.496670 a 3
0.001739 0.001749 0.000331 0.002819 k(m*/m/min?)
0.0021129 0.0024711 0.0021273  0.0016427 Q (m3/s)
0.184501 0.086508 0.238959 0.546652 a 4
0.001143 0.002065 0.001438 0.003467 k(m*/m/min?)
0.009783 0.0017545 0.007781 0.0020579 Q (m3/s)
0.278757 0.084961 0.141630 0.483887 a 5
0.001148 0.000124 0.000198 0.004408 k(m*/m/min?)
0.0013339 0.0020997 0.0010555  0.0020058 Q (m3/s)
0.274505 0.20997 0.164529 0.418951 a 6
0.001565 0.000295 0.000447 0.001112 k(m*/m/min®)
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Table4. Calculated statistical indices for infiltration parameter of experiment
Sl o gl oo Sl Sl Sl diels Parameter Experiment
Cv o Mean Range
35 0/001442 0/0024 0/00382 K |
59 0/15380 0/43437 0/41325 a
90 0/00439 0/00046 0/00132 K )
21 0/03900 0/18359 0/09300 a
86 0/00086 0/00930 0/00190 K 3
9 0/00736 0/07907 0/01900 a
25 0/00035 0/00139 0/09400 K 4
14 0/03547 0/24000 0/00085 a
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Al Ol s

0/5 0/5

0/4 0/4

0/3 0/3

K Q(m?3/s)
0/2 0/2
0/1 0/1
0 0
0 1 2 3 4 5
——K —8—q

K pieolyly Ol i (o 2 Y S5
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TableS. Analysis variance of time changes of the calculated parameters

Slasyo gg000 il 4y Slasyo 555k .
F Sig.
sum of squares degree of freedom mean squares
1.25x105 3 4.7 5.376 0.007"
a 0.401 3 0.134 20.163 0.00™
fo 4.105%x10"° 3 1.368x10° 2.173 0.123ns
ol A lilo gl 7 Jgazr
Table6. Mean comparison results
Sl oles 1 2 3 4
Number o f irrigations
k 0.00240939° 0.00045917¢ 0.00092888* 0.00139155%
a 0.4343¢ 0.183585° 0.079065% 0.247683°
fo 0.000075275% 0.000069977° 0.000103374° 0.000075594
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